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(71) We, European Atomic Energy 

COftpOTNTTY (EURATOM), of 51—53 Rue 
BeUiaid, Brussels, Belgium, do hereby declare 
the mvention, for which we pray that a patent 
may be granted to us, and the me±od by 
which It IS CO be performed, to be particu- 
larly described in and by the foUowinR state- 
ment: — 

The invention relates to dehydrogenation of 
a zirconium or zirconium alloy structure, the 
surfaas of which are partly in contact with 
a hydrogenating medium such as water or 
steam at a higji temperature. 

More especially the invention relates to 
structures embodying bodies of zirconium or 
zirconium alloys such as parts for nuclear 
rectors, like pressure tubes, which come, 
when in use, in contact with hydrogenating or 
corroding media such as hot water or steam. 
In the case of a pressure tube for a nuclear 
reactor the part of die tube whicb comes 
m contact with hot water or steam may, for 
^ample, be the outer surface of the tube, 
the inner surface of the mbe bemg in con- 
taa with a purge gas which conteins minor 
amounts of oxygen or carbon monoxide. 

It is known that when zirccarium or its 
aUoys are in contact with water or steam 
under certain conditions, they give rise to 
corrodon or hydrogenation phenomena in 
accordance with the foUowing equations- 



Zr + 2H2O Z1O2 
2r + H2 -» ZrH, 



+ 2H2 



(1) 
(2) 



Zirconium or its alloys are generally used in 
nudear reactors because they have a low 
neutton capture cross-section and good 
mechanical properties. Hie latter are signifi- 
rantly affected by die hydrogen content of 
the matenal, owing to the fomiation of zir- 
conium hydrides which increase die britde- 
ness. 

^ It has now been found, that zirconium and 
Its aUoys can be dehydrogenated, so diat die 
(Price Ss. Od. (2Sf)\ 



hydrogen is extracted from the metal, by 
covermg die part of its surface which is not 
m contart with the said corroding medium 
partly or whoUy widi a metal which catalyzes 
the reaction of hydrogen with an oxidising 
m^ium such as oxygm or carbon monoxide, 
and by enveiopmg said part in an atmosphere 
contaimng oxygen. 

The invention accordingly provides a struc- 
ture embodymg a body of zirconium or of 
a OTconmm alloy having surfaces of which one 
surface part is exposed to water or steam 
or odier hydrogenating agent and another 
surface part is exposed to an oxidising agent 
and having on at least a portion of said 
another surfece part a metalUc catalyst for 
oxidisation by said oxidising agent of hydro- 
gencontained within the zirconium or alloy. 

The said catalyst metal, which promotes the 
reaction between hydrogen in the zirconium 
metaland an oxydant outside of the zirconium 
can be any of the metals catalysing or pro- 
mottng such oxydation-reduction reactions, 
such as the metals from the group Vm of 
the Periodic System of die Elements, like 
rhodium, kidium, palladium, platinum, nickel 
or iron, or metals sudi as copper, silver, 
diromium or cobalt and alloys or mixtures 
thereof. It has been proved, that these catalyst 
metals promote the reaction of the hydro- 
gffli, even if it is in die form of a 'soM 
solution m the zirconium metal or its allovs, 
with oxvgen and/or carbon monoxide at its 
surface m sudi a wav that the hvdroejen is 
extracted from the whole body of the metal. 
This^ reaction between hvdrogen and the 
oxidising gases can also take place at elevated 
temperatures on condition that an exothermic 
reaction takes nlace, that is to say diat the 
so called GibVs Standard free energy of 
the reaction, A F®, is negative. 

The catalyst metal can be applied to the 
surface of the zirconium metal as a continu- 
ous or non-continuous thin layer or coating 
or it cqn evien be applied to the ziiconium 
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surfecc by welding wires or pieces of the 
catalyst nictal on that surface. 

For instance, in a ouclcar reactor a zir- 
conium or zirconium alloy part, such as a 
tribe, which is on the one side in contact 
with a hydrogenating medium sudi as steam 
at a high temperature, can be covered on 
the opposite side, ^ch is not in contact 
wi± the hydrogenating medium with the thin 
layer of one or more <tf the said catalysts, 
and then on that side an atmosphere is pro- 
vided, which contains some oxygen or car- 
bon monoxide. This atmosphere can be the 
gas, used for thermally insulating a pressure 
tube. 

During the process, according to die inven- 
tion, a continuous diffoaon of ^ hydrogen 
dizough the zirconium or the zirconium alloys 
takes place; this hydrogen diffuses through 



die catalyst and reacts with the oxidizmg 
atmosphere at die catalyst surface. 

The dun layers of catalyst metal on die 
surface of the zirconium or its alloys can be 
applied dicreon by evaporation, sputtering or 
electro-pladng or any odicr suitable mediod. 

Experiments have been conducted on 
samples in the form of metal plates 
(50 X 15 X 0,5 mm) consisting of a zir- 
conium alloy named zircaIoy-2, contammg 
hydrogen therein in the form of a solid solu- 
tion and to which catalyst metal wires were 
electrically welded on a single surface (i.e. 
the upper surface) or to which die catalyst 
metal was applied as a diin coating on one 
side of the sample. The atmosphere surround- 
ing the samples consisted of aigon gas con- 
taining 1 vol. % oxygen ^s. Some of the 
results are reported in die following tables: 



Tabus 1 



samples 



Ni-catalyst in die form of wires welded on to one stnface <rf the 



Sample 


Initial hydrogen 

content 
(ppmHg by weight) 


Hydrogen content 
variation after 
20 days (ppm 


Temperature 
g£ the sample 


1 


279 


-111 


490 


2 


268 




490 


3 


262 


-74 


490 



20 



30 



35 



Table 2 

M-cata^t in win fitnn as io Tatde 1 



Sample 


Initial hydrogen 

content 
^ipmHt by weight) 


Hydrogen content 
variation after 
4 days (ppm Hs) 


Temperature 
of the sample 
(^C) 


4 


286 


-82 


520 


5 


304 


-95 


520 



3 



U17,504 



3 



Table 3 

Ft-catdyst in fimaof wires wdded on to one sm&ce of tixe san^ 



Sample 


Mtial hydrogen 
content 
(ppm Ha by weight) 


Hydrogen content 
variation after 
4 days (ppm Kg) 


Xemperatiixe 
of the sample 
CQ 


7 


262 


-64 - 


497 


.8 


263 . 


-59 


497 



Tabie 4 

Ni-catalyst In the form of jShn of a thidoiess of about 10 ll (si 
of about 5 (1 (sample 10) 



Sample 


loxdal hydrogen 

content 
fepmHabyvrai^) 


Hydrogen content 
variation after 
2 days (ppm Hg) 


Temperature 
of the sample 

CC) 


9 


280 


-83 


502 


10 


306 


-104 


502 



Tabie 5 

Ni + noble metal catalyst (about 10 u Ni + 400 A Ir on sample 
11 and about 5 (jlNxH- 400 A It on sample 12). sampie 



Sample 


Initial 
hydrogen 
content 
(ppm Hg by 
(we^t) 


Hydrogen 
content 

variation 
after 2 
days 

(ppm Hg) 


Hydrogen 
content 

variation 
after 3 
days 

(ppm Ha) 


Temperature 
of the 
sample 

CC) 


11 


297 


-148 


-215 


519 


12 


306 


-162 


-186 


519 



The invention can therefore be used for 
5 the non-destructive removal of hydrogen from 
zixcomium metals^ cspedally in nuclear re- 
actors, where these metals are used as mechani- 
cal parts, sudi as nuclear reactor pressure 
tubes, or^ fuel clement cladding and are in 
10 contact with water or steam or with an oxganic 
coolant containing traces of water or steam 
at high temperature. 
WHAT WE CLAIM IS: — 
1. A structure embodying a body of zir- 
15 conium or of a zirconium alloy having sur- 
qI ivhicb one surface part is exposed 



to water or steam or other hydiogenating 
agent and another surface part is exposed to 
an oxidising agent and having on at least a 
portion of said another surface part a metallic 70 
catalyst for oxidation by said oxidising agent 
of hydrogen costamed within die adrconium or 
alloy. 

2. A structure as claimed in claim 1 in 
whidi the metallic catalyst is in the form of 25 
a coadng on the zirconium or alloy body. 

3. A structure as daimed in claim 1 in 
which the tnetHlKr catalyst is wdded to the 
zirconium or alloy body. 



4 



10 



- 4 



4. A structure as claimed in any one of 
the preceding claims in whidi the catal^t is 
a member of Group VIH of the periodic 
system of the dcmaits or an alloy or mature 
thereof with another metal. 

5. A structure as claimed in cUum 4 m 
which Ac catalyst is or contains nii±cL 

6. In a nuclear rmxor a part composed 
of zirconium or a zirconium alloy having ooe 
side in contact mth steam and an opposite 



side in contact with an atmosphere contammg 
oxygen diaracterised in that said opposite side 
is wholly or pardy coated with a metaUic 
catalyst for reaction of oxygen and hydrogen or 
has such a catalyst welded thereto. 

BOULT, WADE & TENNANT, 
111 and 112, Hatton Garden, London, E.C.I. 
Chartered Paitent Agents 
Agents for the Applicants 
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